The oxidation and isomerization of 3 -hydroxy-5-ene steroids into keto-4-ene steroids, a pivotal step in the synthesis of all hormonal steroids, is catalyzed by several isoforms of 3 -hydroxysteroid dehydrogenase. In humans, two highly homologous isoforms exist, type I expressed by the HSD3B1 gene in peripheral tissues, and type II expressed by the HSD3B2 gene in steroidogenic organs. Previously, it was shown that the HSD3B1 gene 3 1-A element, encompassing 24 nucleotides of intron 1 not perfectly conserved between the two genes and overlapping with a conserved TG box, contributes to maximal basal promoter activity by binding the ubiquitous and unidentified 3 1-A transcription factor. In this study for the first time we report that similarly, the HSD3B2 gene intron 1 is required for maximal basal promoter activity in reporter gene analyses, as lack of intron 1 results in a 4-to 10-fold reduction in promoter activity. Mutational analysis in gel shift assays revealed that the 3 1-A factor binds both the HSD3B2 and HSD3B1 gene intron 1 by requiring only seven nucleotides of a conserved segment within the 3 1-A element. By competition analysis and use of anti-YY1 antibody in both gel shift and Western blot experiments, we identified the 3 1-A protein as the ubiquitous transcription factor YY1. In addition, we have characterized another similar YY1 binding site differently located with respect to the 3 1-A element in both genes. Deletion and mutational analysis in transient transfections experiments revealed that contrarily to as previously shown for the HSD3B1 gene, lack of YY1 binding to the type II 3 1-A element only results in a marginal reduction of basal promoter activity. Instead, YY1 binding to the second site, placed 35 bp downstream from the 3 1-A element, strongly activates the HSD3B2 gene basal promoter activity, as preventing YY1 binding to this region caused a 50% decrease of basal transcription. Complete abrogation of YY1 binding within type II intron 1 resulted in a gene reporter activity identical to a reporter construct lacking the whole intron 1. These results designate YY1 as the factor responsible for the intron 1-mediated boost of the HSD3B2 gene basal promoter activity. Similarities and dissimilarities between YY1 binding within the HSD3B1 and HSD3B2 gene intron 1 are discussed involving the conserved intron 1 TG box, that suggests different mechanisms are implicated in the YY1-mediated stimulation of these two genes basal promoter activity.
Introduction
The enzyme 3 -hydroxysteroid dehydrogenase (3 -HSD) catalyzes a fundamental step in the synthesis of all hormonal steroids in many tissues and organs (Labrie et al. 1992) , which play a crucial role in the differentiation, development, growth, and physiological function of most human tissues. It is also one of the two enzymes that start the degradation of dihydrotestosterone (DHT), the most powerful androgen (Bartsch et al. 1990) , thus affecting the availability of this hormone in the regulation of androgen-responsive genes. Two isoforms are known in humans, type I and type II 3 -HSD, encoded by the HSD3B1 and HSD3B2 gene respectively (Luu-The et al. 1989 , Lachance et al. 1990 . The two genes are closely linked on the short arm of chromosome 1 (Morrison et al. 1991 , Morissette et al. 1995 , and both consist of four exons and three introns that have similar length and a high degree of homology ) (see Fig. 1 ). Type I and type II 3 -HSD enzymes are differentially expressed, type II activity being mostly restricted to steroidogenic organs such as ovary, testis and adrenals , while type I is found mainly in peripheral tissues, such as placenta, skin, mammary gland, and others (Luu-The et al. 1989 , Lachance et al. 1990 .
The importance of type II 3 -HSD activity in steroidogenesis is attested by the many gene mutations resulting in congenital adrenal hyperplasia (CAH), a term that encompasses several recessive autosomal disorders that share the complete or partial deficiency of enzymes involved in corticosteroids synthesis (Levine 2000 , White 2001 ). In both males and females decreased mineralcorticoid secretion results in varying degrees of salt wasting, from lethal to mild phenotypes, and may lead to female masculinization during fetal development. CAH due to 3 -HSD type II deficiency may lead to a decrease in all classes of steroid hormones including sex hormones, causing pseudohermaphroditism in males due to gonadal hypospadia (Simard et al. 1993 , Mendonca et al. 1994 , and hirsutism, premature pubarche and/or infertility in females (Eldar-Geva et al. 1990 , Mendonca et al. 1994 , Marui et al. 2000 , Pang et al. 2002 . Type II 3 -HSD enzyme has more recently acquired an active role in prostate cancer research (Ross et al. 1998) . Androgens are important in the development and maintenance of the prostatic gland (Marker et al. 2003) , and it is well documented that they play an important role in the etiology of prostate cancer (Ross & Shottenfeld 1996 , Bosland 2000 . Circulating levels of testosterone and DHT are considered indicative of the risk of getting the disease (Gann et al. 1996) . Therefore, the ability of the 3 -HSD activity to degrade DHT has gained interest in the potential mutations or functional sequence variants that may affect the overall enzyme performance, by either altering the enzyme catalytic properties or its expression levels. Interestingly, a study from Chang et al. (2002) has linked both the HSD3B1 and HSD3B2 gene with the susceptibility of sporadic and hereditary prostate cancer.
The recent discovery of a binding site for steroidogenic factor 1 (SF-1) at nucleotide 64 to 56 of the HSD3B2 gene promoter (LeersSucheta et al. 1997) , which is not conserved in the HSD3B1 gene, might explain the restricted expression of the HSD3B2 gene to steroidogenic organs. SF-1 had indeed earlier been identified as a tissue-specific transcription factor that regulates all the steroidogenic P-450 genes in the adrenal cortex and gonads (Lala et al. 1992 , Morohashi et al. 1992 . Interestingly, a study by Guerin et al. (1995) identified the 3 1-A element, a positive regulatory cis-acting element located within the HSD3B1 gene intron 1 (Fig. 1 ) that is required for reaching maximal promoter activity in transient transfection assays. This region, encompassing 24 nucleotides protected in DNAse footprinting assay, was shown to strongly bind an unidentified ubiquitously expressed nuclear protein named 3 1-A factor, whose molecular mass was estimated as 37 kDa by UV-crosslinking experiments. Mutational analysis revealed that the four Gs that lay at the 3 end of the protected region, shared with an overlapping TG box (Fig. 1) , are essential for binding of the 3 1-A factor to the regulatory element, and their mutation resulted in a 3-to 6-fold lower expression of a reporter gene. As Sp1 was found to bind the TG box very weakly, the 3 1-A protein was attributed a transactivator role. Stressing the importance of the 3 1-A element in enhancing basal transcription, Guerin and collaborators also showed that a double-stranded oligomer bearing the DNA sequence of the HSD3B1 gene 3 1-A element cloned in front of the mouse p12 gene promoter was able to stimulate transcription of the CAT reporter gene from 2-to 5-fold in human chorioncarcinoma JEG-3 and human adrenal cortex adenocarcinoma SW-13 cells respectively.
Because of the importance of the type II 3 -HSD activity in steroidogenesis, we were prompted to investigate whether or not the HSD3B2 gene intron 1 has any functional relevance, as in the case of the HSD3B1 gene. We here report that intron 1 is required by the upstream promoter of the HSD3B2 gene to achieve the maximal basal level of transcription, as deletion analysis in transient transfection assays revealed that removal of intron 1 results in a drastic reduction of luciferase reporter activity. Despite mismatches in the region, we have ascertained the presence of a 3 1-A element in the HSD3B2 gene intron 1. Furthermore, we have identified the 3 1-A protein to be the multifactorial transcription factor YY1 (Shi et al. 1997) , and demonstrate that, in addition to the 3 1-A element, YY1 also recognizes a second binding site within intron 1, whose position is not conserved between the two genes. Through mutational analysis and co-expression of YY1 in transfection experiments we were able to correlate YY1 with the boost in basal activity mediated by type II intron 1, and identified the second YY1 binding site, not the 3 1-A element, as a major target for YY1-mediated boost of HSD3B2 gene basal promoter activity.
In addition, we provide evidence that Sp3 binds the TG box in the intron 1 of both genes and that the binding efficiency is much higher for the type I TG box. We found the second YY1 binding site in the HSD3B1 gene to be positioned at the 3 end of the TG box. In in vitro binding conditions, the presence of the weaker YY1 site in such a location appears to favor Sp3 competition for the TG box, thus explaining the stronger Sp3 binding to type I intron 1. Although we have not investigated the functional relevance of those findings for the HSD3B1 gene, our results point to a role for YY1 in the basal expression of 3 -HSD activity, and suggest that different mechanisms may be involved in the maintenance of the HSD3B1 and HSD3B2 gene basal activity under experimental conditions, as discussed.
Materials and methods

Plasmid constructions
The human HSD3B2 gene 5 -flanking and 5 -UTR (from 1265 to +193) was amplified by PCR from human genomic DNA isolated from blood using the forward primer 5 -CCGACGCGTTAATAAA CATTTAAGCCAATAATAAAA-3 and the reverse primer 5 -GGGCTCGAGACCCAGAAGA GGGCTAAAAAC-3 . The amplification product was digested with Mlu1 and Xho1 and cloned in pGL3Basic (Promega) similarly digested, obtaining pGL3-HSD2( 1253/+193). To obtain the reporter plasmids used in the study, this construct was digested with Sac1 and the resulting plasmid re-ligated to generate pGL3-HSD2( 517/+193), or digested with Mlu1 and PstI, filled in with Klenow at the 5 end and re-ligated to generate pGL3-HSD2( 217/+193). To generate pGL3-HSD2( 517/+23), the corresponding reporter construct missing the intron 1 sequence, pGL3-HSD2( 517/+193) was digested with Drd1 and Xho1, filled in with Klenow and re-ligated. The insert nucleotide sequence was verified by automated DNA sequencing using the forward RV3 primer 5 -CTAGCAAAATAGGCTGT CCC-3 , and reverse GL2 primer 5 -CTTTATGT TTTTGGCGTCTTCC-3 from Promega, which respectively match upstream and downstream to the pGL3Basic vector multiple cloning site.
Site-directed mutagenesis
Mutations were introduced into the reporter plasmids using the QuikChange Site-Directed Mutagenesis Kit (Stratagene, La Jolla, CA, USA) following the manufacturer's instructions and using the same mutant oligomers that are represented in the figures that accompany this paper. Mutations were confirmed by DNA automated sequencing (ABI PRISM 3100 Genetic Analyzer; Applied Biosystems, Foster City, CA, USA). Each sequenceconfirmed mutant insert was released with the appropriate cloning restriction endonucleases, and inserted into similarly digested pGL3Basic, to ensure the plasmid used in transfections did not carry any PCR-induced nucleotide substitutions within the vector backbone.
Gel shift assays
Crude nuclear extracts were prepared as previously described by Dent & Latchman (1993) . Oligonucleotides for radiolabeled probes and competitor DNAs were obtained from Invitrogen Corporation and Integrated DNA Technologies (Coralville, IA, USA). Appropriate sense and antisense strands were annealed in Tris 10 mM pH 8·0 by heating at 85 C for 3 min and slowly cooling down to 25 C. Double-stranded oligomeric probes were 5 end labeled with [ -32 P]ATP (5000 Ci/mmol) using T4 polynucleotide kinase (New England Biolabs, Beverly, MA, USA) according to the manufacturer's instructions. Labeled oligomers were separated from unreacted nucleotides by centrifugation through ProbeQuant G-50 Micro Columns (Amersham Biosciences). One, 3 or 5 µg nuclear proteins were pre-incubated with 1 µg poly (dI-dC)⋅poly(dI-dC) (Sigma-Aldrich) in 20 µl binding buffer (Hepes 20 mM pH 7·9, KCl 50 mM, MgCl 2 5 mM, dithiothreitol 0·5 mM, and 4% glycerol) for 5 min at room temperature. The labeled probes were then added (100 000 c.p.m., approximately 0·1-0·2 ng) and complexes were allowed to form at room temperature for 15 min. The binding reactions were loaded onto a 4·5% non-denaturing polyacrylamide gels containing 2·5% glycerol and subjected to electrophoresis in 0·5 TBE buffer at 17-20 mA for about 3 h at room temperature. The gel was dried and either autoradiographed overnight with an intensified screen or exposed to a Storage Phosphor Screen (Amersham Biosciences) and analyzed with a STORM 840 densitometer (Molecular Dynamics, Sunnyvale, CA, USA). The specificity of protein-DNA complexes was analyzed by including 100-fold molar excess of homologous or nonhomologous unlabeled competitor DNA into the binding reactions during the pre-incubation step prior to addition of the probe. To identify nuclear factors that bind to the probes, 1 µl specific antibody (rabbit polyclonal anti-YY1, sc-1730; rabbit polyclonal anti-Sp3, sc-644 X; rabbit monoclonal anti-Sp1, sc-420 X; anti-Sp2, sc-643 X; Santa Cruz Biotechnology, Santa Cruz, CA, USA) was incubated with the binding mix for 1 h at 4 C before addition of the labeled oligomers.
In vitro transcription/translation assay
In vitro-translated YY1 was obtained with the TNT T7/T3 Coupled Reticulocyte Lysate System from Promega. To obtain the template DNA plasmid, YY1 cDNA was released from pCMV-YY1 (gift of Dr Shi, Harvard University) by digesting with BamH1 and Kpn1 restriction endonucleases and cloned into pCMX-L1 vector similarly digested. The in vitro coupled transcription/translation reaction was carried out following the manufacturer's instructions in the presence of T3 RNA Polymerase and 1 µg non-linearized template. The negative controls were obtained performing a similar reaction in the absence of DNA template, or in presence of 1 µg pCMX-L1 backbone vector.
Acrylamide capture of 3 2 oligomer-bound complexes
Oligo A-3 2, the 3 2 upper strand oligonucleotide modified by addition of an Acrydite moiety (Mosaic Technologies, Waltham, MA, USA) at its 5 prime end was obtained from Integrated DNA Technologies. The procedure was carried out as described to Nelson et al. (2002) with few modifications: 1 µM A-3 2 oligo was annealed with the same amount of the unmodified lower strand and incubated with 150 µg SW-13 cell nuclear extract or 0·5 mg LNCaP nuclear extract under the same binding conditions herein described for the electrophoretic mobility shift assay (EMSA), scaling up the reaction volume accordingly to the amount of proteins and oligomers. After 15 min of incubation, the duplex molecules were immobilized to acrylamide as previously described (Kennet et al. 1997) in the 1 cm large wells of a non-denaturing 4·5% acrylamide gel (20 20 cm), and the unbound proteins were separated from the bound complexes by electrophoresis under the same conditions used for the EMSAs. The polyacrylamide fragments containing the covalently linked A-3 2/protein complexes were excised, and the proteins recovered by triturating the band in extraction buffer (Tris 50 mM pH 7·5, SDS 0·1%, EDTA 0·25 mM and 2·5% glycerol). Samples were kept under rotation overnight at 4 C. The slurry was filtrated through a 0·22 µm Ultrafree-MC Centrifugal Filter Unit and concentrated by a Microcon Centrifugal Filter Device (Millipore Corporation, Bedford, MA, USA). Typically, about 0·8 ml extraction buffer was reduced to 50 µl.
Western blot analysis
Protein concentrations were determined by the BioRad protein assay. Ten micrograms of nuclear proteins from SW-13 and LNCaP cells, and the same amount of isolated A-3 2-bound proteins, along with 10 µl in vitro YY1 were diluted with 2 SDS loading buffer and loaded onto a 12% pre-cast GeneMate Endurance acrylamide gels (ISC BioExpress, Kaysville, UT, USA). Proteins were transferred to Hybond-P PVDF transfer membrane (Amersham Pharmacia Biotech) by a semi-dry procedure. Blots were probed with the same polyclonal antiserum against YY1 (1:500) or against Sp3 (1:5000) used in the gel shift experiments as primary antibodies, and horseradish peroxidase-conjugated goat anti-rabbit antibodies (sc-2030; Santa Cruz) were used as secondary antibodies. Bands were visualized using the Western blotting Chemiluminescence Luminol Reagent (Santa Cruz Biotechnology, Santa Cruz, CA, USA). Molecular mass standards recognized by the secondary antibody were used (sc-2031; Santa Cruz Biotechnology).
Cell cultures and transfections
All medium and sera were provided by Gibco BRL (Life Technology). SW-13 cells were grown in IMEM medium, and LNCaP cells in RPMI medium, both supplemented with 10% certified fetal bovine serum (FBS), 2 mM glutamine, and 100 IU/ml penicillin and 100 µg/ml streptomycin. COS-7 cells were grown in DMEM medium supplemented with 5% FBS. Cells were maintained at 37 C with 5% CO 2 . To compare the luciferase reporter activity of plasmids pGL3-HSD2( 517/ +193) and pGL3-HSD2( 517/+23), SW-13 and COS-7 cells were seeded in six-well plates at a density of 6 10 5 cells/well and 1·6 10 5 cells/ well respectively. Sixteen hours later cells were transfected in triplicate wells by adding in each well 3·5 µg reporter plasmid, 0·5 µg pCMV Gal and 1 µg empty pCMX-L1 vector in presence of LipofectAmine 2000 (Invitrogen, Life Science) accordingly to the manufacturer's instructions (a ratio DNA/ LipofectAmine 1:1·5 was used). Cells were harvested 24 h later, and cell extracts were assayed for the luciferase activity. To test the mutant constructs reported in Fig. 7 , SW-13 cells were seeded in 12-well plates at a density of 3 10 5 cells/well and transfected in duplicates with 2 µg DNA and 3 µl LipofectAmine (1:1·5) per well. When tested alone, reporter plasmids were transfected at the concentration of 1·8 µg/well bringing the DNA amount up to 2 µg with 0·2 µg pCMV Gal to monitor transfection efficiency. Co-transfection experiments with YY1 expression vector were carried out with 1 µg/ well reporter and 0·5 or 1 µg/well of expression plasmid, keeping the DNA amount constant by adding pCMX-L1 empty vector. Because of the transcription factor interference with beta-galactosidase expression vs the control samples consisting of reporter plasmid alone, no pCMV Gal was added in co-transfection experiments, and the luciferase activity was instead normalized for the protein content, when necessary. Luciferase activity was measured for 20 s in a luminometer using the Luciferase Assay System (Promega).
Results
The HSD3B2 gene intron 1 is required for sustaining the basal promoter activity It was previously shown that deletion of intron 1, but not exon 1, reduced the HSD3B1 gene basal promoter activity from 3-to 6-fold (Guerin et al. 1995) . To test whether intron 1 sequences play a similar role in the HSD3B2 gene basal promoter activity, we generated plasmid pGL3-HSD2 ( 517/+193), which expresses the luciferase reporter gene under the control of the HSD3B2 gene sequence from nucleotide -517 to nucleotide +193, thus encompassing exon 1 and intron 1, and plasmid pGL3-HSD2( 517/+23), which lacks intron 1 (Fig. 1B) . As also intended for a study aiming at characterizing polymorphisms that occur within intron 1, which might affect the splicing of the intron, our promoter constructs encompassing the first intron include the conserved splicing portion of the 3 splice junction with exon 2 up to 12 nucleotides (+182/+193). By RT-PCR we confirmed that including the first 12 nucleotides of exon 2 results in intron 1 being properly spliced out in COS-7 cells (result not shown). When pGL3-HSD2( 517/+193) and pGL3-HSD2( 517/+23) were compared in transient transfection experiments with pGL3 empty vector as a negative control in SW-13 cells (Fig. 1B) , the promoter activity of the construct bearing intron 1 was 23-fold higher than the negative control. The activity of the construct deleted of intron 1 was stimulated only 4·5-fold over the negative control, with a loss of promoter activity as much as 4·7-fold with respect to the promoter activity of the full-length construct. In COS-7, pGL3-HSD2 ( 517/+193) promoter activity was stimulated 8-fold vs control, while the basal promoter activity of the intron-less construct was only stimulated 1-fold (Fig. 1B) . In the steroidogenic SW-13 cells, derived from a small-cell carcinoma of the adrenal cortex (Leibovitz et al. 1973) , the gene reporter activity was 3-to 4-fold higher than in COS-7 cells, a non-steroidogenic cell line, which is likely due to tissue specificity (Fig. 1B) . However, the fact that deletion of intron 1 resulted in a drastic reduction in basal transcription in both steroidogenic and non-steroidogenic cell lines showed that similarly to the HSD3B1 gene the mechanism involved is not strictly tissue-specific.
The HSD3B2 intron 1 contains a 3 1-A element
To determine if a region with functional similarities to the HSD3B1 gene 3 1-A element might be responsible for the stimulating effect intron 1 demonstrated in transfection experiments, we In the sequence alignment, the nucleotides part of the control elements previously identified in the HSD3B1 gene intron 1 by Guerin et al. (1995) designed oligo 3 1 (Fig. 2C) , which matches the HSD3B2 gene intron 1 region corresponding to the 3 1-A element of the HSD3B1 gene. When tested with nuclear extracts from SW-13, HeLa, COS-7 and LNCaP cells in a gel shift assay, 32 P-labeled 3 2 oligo formed a complex of identical electrophoretic mobility that was competed by 25-fold molar excess of cold 3 2 oligo ( Fig. 2A , left panel). When 3 2 was compared with 3 1, an oligo matching the 3 1-A element (Fig. 2C) as previously explored by Guerin et al. (1995) , each probe was shifted into a single major complex of identical intensity and electrophoretic mobility upon incubation with cell nuclear extracts (shown with SW-13 cells in Fig. 2A , middle panel, lanes 1 and 5). The complex was competed by 100-fold molar excess of the same unlabeled oligo ( Fig. 2A , middle panel, lanes 2 and 6), but not competed by 100-fold molar excess of an oligo containing the Sp1 consensus ( Fig. 2A , middle panel, lanes 3 and 7), indicating that the protein forming the complex specifically recognizes the probe. Guerin et al. (1995) had previously established that the appearance of the ubiquitous 3 1-A band requires the integrity of the stretch of four Gs shared by the 3 1-A element and TG box, as well as the presence of zinc ions in the binding reactions. To find out if the 3 1-A factor was the protein responsible for the identical mobility complex formed by the 3 1 and 3 2 probes, we tested two mutant oligos in which the four Gs were replaced with As (3 1m and 3 2m, Fig. 2C ) as previously explored by Guerin et al. The two mutant oligos were unable to form the complex when used as a probe ( Fig. 2A , middle panel, lanes 4 and 8), which indicates that both the complex formed by 3 1 and the complex formed by 3 2 require the G 4 stretch shared with the overlapping TG box, as expected for the 3 1-A protein. When the 3 1 probe was competed by 100-fold molar excess of cold Sp1, 3 2 and 3 2m oligos, only the competition with 3 2 oligo prevented formation of the complex, as seen in Fig. 2A with LNCaP cell nuclear extract to show ubiquity of the 3 1 complex ( Fig. 2A , right panel, compare lane 4 with lanes 1, 2 and 3). This result indicates that the protein forming the specific complex with 3 1 also binds to 3 2, and the binding is dependent on the integrity of the G 4 stretch. To further investigate the authenticity of the complex as the 3 1-A protein, binding reactions were also performed in presence of EDTA 10 mM with and without 5 mM ZnCl 2 . The complex was not formed in presence of EDTA, an ion chelator ( Fig. 2A , right panel, lane 5), and it was restored when Zn 2+ was added to overcome the EDTA (Fig. 2A , right panel, lane 6), suggesting that the protein forming the complex requires zinc ions to bind the 3 1 probe as expected from the 3 1-A protein. Identical results were obtained when cross-competition of 3 1 and 3 2 oligonucleotides and Zn 2+ -dependence were tested with SW-13, COS-7, HeLa, LNCaP and PC-3 cells (not shown). Considered the identical electrophoretic mobility of the single complex formed specifically by 3 1 and 3 2, considered that both complexes are sensitive to the same changes in the G 4 stretch as the 3 1-A protein, and that 3 2 oligo was able to compete for the Zn 2+ -dependent band formed by 3 1, it is likely that both probes are bound by the same Zn 2+ -dependent protein.
As each probe shifted the same complex from nuclear extracts obtained from several cell lines, which complies with the ubiquity previously observed for the 3 1-A protein, we conclude that the 3 1-A protein forms the specific band observed with 3 1 and 3 2 oligomers. Thus, the HSD3B2 gene intron 1 contains an imperfectly conserved 3 1-A element that is still able to bind the 3 1-A protein, or the 3 1-A protein only binds to a strictly conserved nucleotide segment within this cis-element.
Sp3 binds the TG boxes of type I and type II intron 1 with different efficiency
The TG box overlapping with the 3 1-A element is conserved between type I and type II introns; however, the previous experiment failed to show significant Sp1 binding to both 3 1 and 3 2 probe, despite the fact that in the earlier study a weak but more conspicuous Sp1 binding was observed (Guerin et al. 1995) . While the previous study added at both extremities the unrelated sequence gatc, our probe consisted exclusively of nucleotides matching to the region of interest because of a different labeling strategy. Therefore, we reasoned the cause of our undetected Sp1 binding could be the shorter sequence provided at the 3 end of our probe and that a probe encompassing more of the TG box 3 flanking region would provide a better spatial requirement for binding of Sp1 family members. For both type I and type II intron sequences, we designed an oligo encompassing fewer 5 flanking nucleotides and more of the 3 flanking region when compared with the 3 1-A element of both genes while maintaining the same length of 36 base pairs (3 1S and 3 2S, shown in Fig. 2C ). Despite lacking a few nucleotides of the 3 1-A element 5 prime, these oligos were still able to form the 3 1-A band in gel shift experiments (Fig. 2B, lanes 1, 11  and 13 ). In addition, they formed three or four new major complexes of slower electrophoretic mobility, numbered in Fig. 2B after assigning number 1 to the 3 1-A band. This result matches the four bands previously reported (Guerin et al. 1995) , with the difference that the slower mobility band formed by the type I intron 1 specific probe was remarkably more intense, and comparable with the 3 1-A band (Fig. 2B, lanes 1 and 11) . This slower band appeared to be a doublet (named band 4a and 4b) and was efficiently competed by 100-fold molar excess of an Sp1 consensus containing oligonucleotide (Fig. 2B, lane 4) , which also competed for band 2. As expected, oligos 3 1 and 3 2 only partially competed for band 4 and 2, while efficiently competed out band 1 (Fig. 2B , lanes 5 and 6). Oligo 3 1Sm, which bears the same substitution G 4 to As earlier analyzed in Fig. 2A , not only did not compete for complex 1 as expected, but also for complex 2 and 4 (Fig. 2B , lane 7), indicating that both Sp1-related and 3 1-A binding activities rely on the G 4 stretch for optimal binding. These mutant oligos did compete the weak complex forming band 3 of intermediate mobility between the Sp1 consensus competed bands. Such competition suggests a protein binding to the 3 1-A element in a region not involving the four Gs forms the complex. The use of antibodies against Sp1, Sp2 and Sp3 revealed that Sp3 accounts for two of the three bands competed by Sp1 consensus. In fact, addition of anti-Sp3 antibody in the binding reactions (Fig. 2B, lane 10) resulted in a significant supershift, as well as in the disappearance of band 4b, the lower and more conspicuous band of the doublet, and band 2 likely formed by the smaller Sp3 (73 kDa) alternative translation product (Kennett et al. 1997 , Suske 1999 . Addition of anti-Sp3 antibody also resulted in a darker 4a band, suggesting that Sp3 has the strongest affinity for binding to the region, since only when Sp3 is prevented from binding other factors can access the site. Addition of anti-Sp1 antibody resulted in disappearance of the fainter upper band (4a) of the doublet and a weak supershift could occasionally be seen (Fig. 2B, lane  8) . Addition of anti-Sp2 antibody had the same effect (Fig. 2B, lane 9) , with the difference that a slightly more intense supershifted band was seen, with mobility lower than Sp1 supershift. Surprisingly, the type II intron 1 TG box bound Sp3 less efficiently, as demonstrated by less Sp3 shift when 3 2S oligo was used as a probe (Fig. 2B , compare lane 13 with lane 11), and also by its partial ability to compete the doublet formed with labeled 3 1S (Fig. 2B, lane 3) . By densitometry analysis we determined that Sp3 binds to the type II TG box 3-fold less than the type I TG box (data not shown). Sp3 binding activity could be brought to the same extent as seen for the type I intron 1 when an oligo bearing a substitution A+136 to G (Fig. 2C ) was used (data not shown), which reproduces the 3 flanking region of the type I TG box. Despite the fact that Sp2 antibody did result in disappearance of the faster band of the doublet, we cannot conclude that Sp2 is part of the observed complex, Figure 2 Identification of a 3 1-A element in the HSD3B2 gene intron 1. (A) Left: EMSA result obtained when 3 µg nuclear extract from the indicated cell lines were incubated with 3 2 probe with and without self-competition with 25-fold molar excess of unlabeled oligo, as described in Materials and methods. Middle: EMSA result obtained when 3 µg nuclear extract from SW-13 cells were incubated with probes specific to either type I (3 1) or type II (3 2) intron, with and without 100-fold molar excess of the indicated competitor oligonucleotides, as described in Materials and methods. −, indicates no competition. Right: 5 µg nuclear extracts from LNCaP cells were incubated with 3 1 probe in the presence of EDTA 10 mM, with and without 5 mM zinc chloride. The competition with 100-fold molar excess of cold 3 2, 3 2m and Sp1 oligomers is also shown. (B) Left: EMSA result obtained when 3 µg nuclear extract from SW-13 cells were incubated with oligo 3 1S. Competitor oligos were used at 100-fold molar excess. Middle: the same amount of nuclear extracts as above was pre-incubated with anti-Sp1, anti-Sp2 and anti-Sp3 antibodies as described in Materials and methods. Right: a different EMSA experiment compares complexes formed by 3 1S and 3 2S probes with 3 µg nuclear extract from SW-13 cells. (C) The upper nucleotide sequence of the oligomers employed in these gel shift analysis is shown. Oligos are aligned to center the shared regions encompassing the 3 1-A element, evidenced by a line above the 3 1 oligo sequence. The outlined nucleotide in 3 2S and 3 1S identifies the single nucleotide mismatch at their 38 end. Mapping the boundaries between 3 1-A and Sp3 binding activities
Our EMSA results indicated that 3 1-A and Sp3 binding to the 3 1-A element and TG box respectively are mutually exclusive, as no lower mobility complex indicative of a protein-protein interaction could be seen. Therefore, we were interested in creating mutants able to bind either the 3 1-A protein or Sp3 to be able to discern the function of each of those two factors in relation to the HSD3B2 gene basal promoter activity upon transfection experiments. To precisely define how and at what extent the G 4 stretch is shared between the apparently overlapping cis-elements, we compared 3 2S with two mutant oligonucleotides. Oligo M1 changed the last two Gs of the G 4 stretch to As, while oligo M2 changed the first two Gs in the same way (Fig. 3B ). When used in EMSAs, M1 was unable to bind Sp3, while the 3 1-A band was unaffected (Fig. 3A , left, lane 2). M2 bound Sp3 similarly to as is seen with wild type 3 2S, while the 3 1-A band was severely diminished (Fig. 3A , left, lane 3). This result indicates that the distal two Gs in the sequence 5 -TGGGGT-3 are essential for Sp3 binding, and not necessary for 3 1-A binding. The proximal two Gs are not required for Sp3 binding, but are important for 3 1-A factor binding.
Next we asked what is the contribution of the long stretch of As to 3 1-A factor binding, which accounts for as many as eight and six residues in the HSD3B1 and HSD3B2 gene respectively. We disrupted the A 6 sequence by changing the five As immediately preceding the TG box to CCTTC (oligo 3 2mS, Fig. 3B ) and found that the substitution completely prevents formation of the 3 1-A band (Fig. 3A, lane 4) while unable to form any additional complex. To determine what is the minimal number of As required for restoring the 3 1-A binding activity, we created a series of three oligos that reinstate two, three and four As respectively (A 2 , A 3 , and A 4 , Fig. 3B) . A 2 and A 3 that restore two and three of the As in front of the TG box, were unable to support 3 1-A protein binding (Fig. 3A, lanes 5 and 6) , while addition of four As resulted in a fully restored 3 1-A complex (Fig. 3A, lane 7) . We also tested a mutant oligo bearing a deletion of the TGGGG sequence, T(G) 4 . This deletion, which was expected to prevent binding of the 3 1-A and Sp3 proteins, surprisingly abrogated formation of every band seen with the wild type probe except for the 3 1-A band (Fig. 3A, lane 8) . In addition to the 3 1-A band, M 2 and all oligos bearing mutations in the A stretch also affected formation of a faster band that appeared to be as specific as the 3 1-A band (Fig. 3A, appearing in lanes 1, 2 and 8 ), but whose intensity and/or formation was not consistent in all our EMSA experiments, as later discussed. Lack of competition with the 3 1-A protein is likely the reason for the stronger Sp3 binding observed with B2mS, A 2 and A 3 , as well as with the unknown protein that forms band 3, the complex of intermediate mobility between the slower and faster Sp3 band, whose binding to the probe is dependent on the integrity of the A 6 stretch (Fig. 3A , lanes 5-8 all lack this complex). However, this explanation does not apply to oligo A 4 , which is expected to show less Sp3 binding as a consequence of its ability in restoring the 3 1-A band. Interestingly, this oligo, despite binding the 3 1-A factor, did not form the faster band discussed above, which is seen with all other samples forming the 3 1-A complex (Fig. 3A lanes  1, 2 and 9 ). It is possible that, in addition to preventing the formation of band 3, the changes in the A stretch carried by A 4 also affect the ability to form the faster complex, which apparently results in an increased Sp3 affinity for the TG box. However, conformational changes as a consequence of the alteration in the A 6 stretch carried by B2mS, A 2 , A 3 and A 4 , may also explain the stronger affinity for Sp1 family members of these mutated oligo, independently from their ability to bind or not the 3 1-A protein or the faster band.
The results of the mutational analysis presented herein confirmed the hypothesis that the 3 1-A protein only recognizes a short segment of the 24 bp element. Indeed it was evident that the conserved sequence AAAATGG represents the core-binding region for the 3 1-A factor, and that the Sp3 core-binding region is the sequence GGTGG. Therefore, the 3 1-A element and the TG box of the HSD3B2 and HSD3B1 gene appear to be flanking rather than overlapping cis-elements.
The discovery that the 3 1-A protein only requires two of the four Gs to bind the 3 1-A element, explains the apparently aberrant behavior of oligo T(G) 4 that formed the 3 1-A band despite bearing a deletion encompassing the G 4 stretch. Analysis of this oligonucleotide sequence reveals that the two G residues critical for 3 1-A protein binding are provided by the sequence immediately following the deletion, thus restoring the AAAATGG sequence (Fig. 3B) . Instead, Sp3 binding is no longer supported by this oligo, indicating that the sequence GGAGG is unable to functionally replace the sequence GGTGG. The effect of each mutation on the ability to sustain 3 1-A and/or Sp3 protein binding is summarized in Fig. 3B in the right panel next to each oligo sequence. 
YY1 is the protein forming the 3 1-A complex
The sequence AAAATGG, that represents the core-binding region of the 3 1-A factor, is almost identical to the UCR (upstream conserved region) of the Moloney murine leukemia virus, which is known to bind the transcription factor UCRBP (Flanagan et al. 1992) , later identified as the murine YY1 (Safrany & Perry 1993) . The UCR, which is only one of many consensus sites known to bind YY1 (Shi et al. 1997) , all sharing the CCAT core motif, was later found also in many other viral and cellular genes. The 3 1-A factor core-binding region matches the UCR nucleotide sequence seven out of nine nucleotides (Fig. 4C) . To find out if the 3 1-A band is formed by YY1, an oligonucleotide containing the UCR element was tested in EMSA experiments in competition with the 3 2S probe. As expected, a 100-fold molar excess of unlabeled 3 2S oligo competed any band formed by the probe with nuclear extract from three different cell lines (Fig. 4A , lanes 1 and 2, 4 and 5 and 7 and 8). Addition of 100-fold molar excess of cold UCR oligo resulted in the disappearance of the 3 1-A band (Fig. 4A , lanes 3, 6 and 9), suggesting that the factor binding to the 3 2S probe -and therefore 3 1S as well as 3 1 and 3 2 -is able to recognize the UCR element. The competition was specific, as the Sp3 band was unaffected. Furthermore, after incubation with SW-13 cell nuclear extract 32 P-labeled UCR was shifted into a major complex with the same electrophoretic mobility as the 3 1-A band formed by 3 2S probe (Fig. 4B , compare lane 2 with lane 4). The complex was specific, as competed out by a 100-fold molar excess of unlabeled UCR (Fig. 4B , lane 5). Addition of a rabbit polyclonal antibody directed against full-length YY1 into the binding reactions resulted in the disappearance of both the 3 1-A band formed by 3 2S probe and the specific complex formed by UCR probe, and a complicated pattern of supershifted bands was seen with both probes (Fig. 4B, lanes 1 and 3) . These results suggest that the protein forming the 3 1-A band is the transcription factor YY1 or a factor antigenically related to YY1. As YY1 is known as a 68 kDa protein, while the size of the 3 1-A factor was estimated to be 37 kDa by Guerin et al. (1995) , we compared the size of the band shifted by labeled UCR oligomer from SW-13 cell nuclear extract with in vitro-translated YY1. The in vitro obtained protein from plasmid pCMX-YY1 in gel retardation assays did shift the UCR probe forming a complex of the same mobility as the one observed with nuclear extracts (Fig. 5A, compare lanes 1 and 3) . Such a band was specific to UCR (Fig. 5A, lane 4) , and it was not formed when the probe was reacted with an in vitro transcription/translation reaction performed in absence of template (Fig. 5A, lane 2) , which indicates that the band is not formed by interaction of UCR with a protein from the rabbit reticulocyte lysate. Western blotting analysis revealed that anti-YY1 antibody -the same antibody used in our EMSAs -recognized a band of molecular mass slightly above 55 kDa for the in vitro transcribed/translated YY1 protein (Fig. 5B , lane 2) and nuclear extracts from both SW-13 (Fig. 5B, lane 3) and LNCaP cells (Fig. 5B, lane 6) as well. This band was not formed in negative control reactions consisting of an in vitro transcription/translation coupled reaction without template (Fig. 5B, lane 1) . This result indicated that the 3 1-A band formed by nuclear extracts with UCR, as well as 3 2 and 3 2S oligomers, corresponds to full-length YY1 protein. In addition to the full-length band, anti-YY1 antibody recognized also two additional bands of lower molecular mass. A band approximately of 35 kDa and another band around 30 kDa could be seen with both nuclear extract and TNT rabbit reticulocyte lysate. To confirm that YY1 binds the 3 2 probe and that it can eventually be co-purified from the bound proteins as differently sized polypeptides, we have used a modification of the Acrydite technology method for the isolation of DNA binding proteins recently proposed by Nelson et al. (2002) . Briefly, proteins from SW-13 or LNCaP cell nuclear extracts were incubated in binding buffer with a 3 2 oligomer whose upper strand carried an Acrydite moiety at its 5 prime. Then the oligomer was immobilized to acrylamide as previously described (Nelson et al. 2002) and the unbound proteins were separated from the bound complexes by electrophoresis. An aliquot of a crude preparation, consisting of eluted and concentrated 3 2-binding proteins from recovered acrylamide slices, reacted with anti-YY1 antibody in Western blots, forming three bands of the same molecular mass as obtained with unbound nuclear extract proteins (Fig. 5B, lane 5) . Likely because of contaminants in these samples and our loss-prone modification of the original method, the antibodyrecognized bands were less intense than expected, particularly when compared with the bands from unbound nuclear proteins. Coomassie staining of an SDS gel of the same preparation revealed bands whose size were identical to the YY1 specific bands (Fig. 5C ). In addition, an intense band of molecular mass intermediate to 35 and 49 kDa was also observed, that was not recognized by anti-YY1 antibody. Sp3 antibody, also a rabbit polyclonal antiserum, recognized the proper Sp3 specific bands of 105 and 73 kDa, but failed to recognize the 30 and 35 kDa bands (Fig. 5B, lane 8) . These results indicate that at least three different YY1 polypeptides were specifically recognized by anti-YY1 antibody, corresponding to the full-length protein, and to two fragments of about 35 and 30 kDa. They also indicate that these YY1 polypeptides bind the 3 2 oligomer, which is consistent with the previously estimated size of the 3 1-A factor and is likely due to proteolytic degradation of YY1.
Existence of a second YY1 site within the HSD3B2 and HSD3B1 gene intron 1
Established that the sequence AAAATGG within the 3 1-A element binds YY1, as well as that YY1 and the 3 1-A factor are identical, we observed that a similar sequence is located in reverse orientation about 35 nucleotides downstream from the TG box in type II intron 1. Because of a substitution T/G, the site is not perfectly conserved in the type I intron 1 at the same location. However, another substitution A/G at nucleotide +138 creates a variant of the sequence immediately following the TG box in the type I intron (AAAATGAGG in type I, AAAATAAGG in type II). To verify whether or not these sequences are able to bind YY1, we designed the oligos shown in Fig. 6B and tested them in EMSAs. As shown in Fig. 6A , the EMSA experiments confirmed the ability of YY1 to bind the HSD3B2 gene intron 1 35 bp downstream from the 3 1-A element (lane 5). YY1 recognized oligo 147 with an affinity slightly lower than the efficiency exhibited by binding to the UCR and even to the 3 1-A element. This discovery is in agreement with our findings that only the two proximal G residues are absolutely required for YY1 binding within the 3 1-A element (Fig. 3) . Further in accord with the results of the mutational analysis shown in Fig. 3 , the corresponding sequence in type I intron 1 was not able to bind YY1 (Fig. 6A , lane 6) because of its bearing only three out of the four required As. Oligo 126, matching the putative YY1 binding site created by the A+138/G substitution was able to bind YY1 (Fig. 6A, lane 8) , but with much lower affinity as only one of the two required Gs is present. Oligo 125, matching the corresponding region in the type II intron was unable to bind YY1 as it lacks the two required proximal Gs (Fig. 6A,  lane 7) . In Fig. 6B , along with the double stranded sequence of the oligomers used in this study, the ability of each oligo in binding YY1 is exemplified next to each sequence by a positive (binding) or negative (no binding) sign. This analysis revealed that YY1 recognizes the same sequence in two different regions within intron 1 of both the HSD3B1 and HSD3B2 genes. One site is conserved between the two genes for nucleotide sequence and location, it being the seven conserved nucleotides of the 3 1-A element immediately juxtaposed to the 5 prime of the TG box; the second site differs between the two genes for location and orientation. In type I intron 1 the second YY1 site is a slight variant of the AAAA TGG sequence located eight nucleotides downstream from the 3 1-A element, immediately following the 3 prime of the TG box. In type II intron 1 the second site lays in reverse orientation 35 bp apart from the 3 1-A element. A schematic representation of these findings is presented in Fig. 6C . To explore whether or not YY1 is functionally involved in the boost of basal promoter activity mediated by the HSD3B2 gene intron 1, we overexpressed YY1 in the presence of the same reporter constructs (shown Fig. 1B) we earlier used to assess the functional relevance of the intron in transient transfection assays. As shown in Fig. 7A , co-transfection with increasing amounts of YY1 expression plasmid stimulated the fulllength construct pGL3-HSD2( 517/+193) in a dose-dependent manner up to 3-fold, while it failed to stimulate the intron-less construct pGL3-HSD2( 517/+23). This result showed that YY1 stimulates the luciferase expression driven by the HSD3B2 gene sequence by binding within intron 1. To confirm YY1 as the factor responsible for the enhanced basal transcription observed in the presence of intron 1 we investigated the contribution of each of the two YY1 binding sites by comparing the activity of a luciferase reporter construct encompassing the HSD3B2 gene sequence from nucleotide -246 to nucleotide +193, pGL3-HSD2( 246/+193), with reporter constructs in which the same region was abrogated of YY1 binding to either the 3 1-A element or the distal site or both. For this purpose, the four As required for YY1 binding were changed by site-directed mutagenesis using oligo B2mS (Fig. 3) to abolish YY1 binding in front of the TG box; an oligo identical to oligo 147 (shown in Fig. 6 ), except for having the four critical As changed to CCTT, was used to eliminate YY1 binding to the distal site. We also tested a construct bearing the T(G) 4 deletion that eliminates the sequence TGGGG (Fig. 3) , thus preventing Sp3 binding but not YY1 binding. Fig. 7B presents the results of transient transfections in SW-13 cells obtained with pGL3-HSD2( 246/+193) and its mutant variants, which did not involve co-transfection of YY1 expression vector. Preliminary experiments revealed that the basal activity of pGL3-HSD2( 246/+193) was comparable with the basal activity of pGL3-HSD2( 517/+193), indicating that the HSD3B2 gene sequence from 517 to 246 does not significantly affect the basal promoter activity. Surprisingly, inability of YY1 to bind its site within the 3 1-A element had little effect on the basal promoter activity (Fig. 7B , activity bar 2). A similar effect was seen with the construct that bears a deletion of the TG box (Fig. 7B, activity bar 3) . Therefore, neither YY1 nor Sp3 binding to the juxtaposed 3 1-A element and TG box plays any major role in the intron 1-mediated increase of the HSD3B2 gene basal promoter activity. Instead, preventing binding of YY1 to the distal site resulted in a 50% decrease of basal transcription (Fig. 7B, activity bar 4) . Complete abrogation of YY1 binding within intron 1 resulted in a basal promoter activity that was only 30% of the wild type activity (Fig. 7B , activity bar 5). Remarkably, this last result reproduced the loss of activity seen with the promoter construct missing the whole intronic sequence and also it made evident that Sp3, or any other Sp1 family members, has no ability to direct the boost in basal activity through intron 1 of the HSD3B2 gene. Thus, the proximal YY1 site within the 3 1-A element and the distal YY1 binding site contribute to boost the HSD3B2 gene basal transcription. Similar results were obtained with COS-7 and LNCaP cells (data not shown).
Discussion
Despite the pivotal role of the 3 -HSD type II enzyme in the biosynthesis of all steroids, the molecular mechanisms that regulate the gene expression are yet to be fully understood. Lately, important studies have been published concerning the significance of SF-1 in the HSD3B2 gene expression and its synergistic effect with phorbol ester (Leers-Sucheta et al. 1997) , as well as its regulation by cytokines (Cote et al. 2000 , Gingras et al. 2001 , gonadotropins (Feltus et al. 1999 ) and glucocorticoids (Feltus et al. 2002) . However, no study has investigated the role of intron 1 in the HSD3B2 gene basal activity so far, despite a previous finding that the highly homologous HSD3B1 gene requires the activating 3 1-A element within the first intron to keep the basal promoter activity to its full potential by binding the unknown 3 1-A factor. In this study we have shown that the HSD3B2 gene intron 1 is required to achieve maximal basal activity levels of the promoter region. Despite the suggestion that the HSD3B1 and HSD3B2 genes may not share the 3 1-A element (Guerin et al. 1995) , we have proved the existence of such a cis-acting element in the intron 1 of the HSD3B2 gene. More specifically, we have proved that the 3 1-A protein binds to a conserved region of seven nucleotides of the 3 1-A element in both genes, through a mutational analysis that has ultimately helped us pinpoint similarities between the 3 1-A binding core and the UCR core recognized by the multi-role transcription factor YY1. We have shown evidence that YY1 is indeed the protein binding in vitro to the 3 1-A element by competition analysis and use of anti-YY1 antibody.
YY1 complies with many of the characteristics attributed to the 3 1-A factor, as it is ubiquitously and constitutively expressed (Austen et al. 1997 , Shi et al. 1997 . It contains four zinc-finger domains with homology to the GLI-Kruppel family of proteins (Shi et al. 1991) , thus explaining the 3 1-A protein requirement for zinc ions. However, despite a predicted molecular mass of 44 kDa, YY1 is known to migrate as a 65-68 kDa protein in SDS gels (Shi et al. 1997) , whereas the 3 1-A factor was attributed a molecular mass of 37 kDa by UV-crosslinking analysis (Guerin et al. 1995) . This apparent discrepancy can be explained by recent findings that claim YY1 proteolytic mechanisms as part of degradation processes and even tissuespecific signal transduction pathways. Specifically, YY1 was shown to be the target of calpein II in a mechanism aimed at downregulating YY1 protein during muscle development (Walowitz et al. 1998) , which generates a 40 kDa polypeptide. Moreover, a nuclear cathepsin B-like protease activity appears to degrade YY1 (Pizzorno 2001) generating two fragments of about 30 and 40 kDa, a phenomenon associated with the progression of undifferentiated to differentiated NT2 cells upon treatment with retinoic acid. In this case, the larger cleavage product, representing the carboxy-terminal portion of YY1 containing the zinc-finger domain, was shown to bind the cognate DNA consensus forming a faster complex in gel shift assays. Bovolenta et al. (1999) found that administration of interleukin 2 to individuals affected by HIV-induced downregulation of YY1 protein through activation of an unidentified proteolytic activity, which resulted in appearance of a faster YY1 band of unknown molecular mass in gel shift analysis. Interestingly, when YY1 was first isolated for its ability to bind the UCR site, a 40 kDa antigenically related protein was co-purified with it (Becker et al. 1994) and found to account for much of the UCR binding activity in T-lymphocytes along with YY1. In light of the latest findings, the 40 kDa protein could have been a truncated form of YY1. Therefore, it cannot be excluded that in the previous study on the HSD3B1 gene (Guerin et al. 1995) during the procedures required for UVcrosslinking analysis a pre-existing truncated YY1 fragment was also isolated. In addition to the 37 kDa band attributed to the 3 1-A protein, according to Guerin and coworkers, the UVcrosslinking analysis produced two additional specific complexes that, once approximately corrected for the contribution of the oligonucleotide, did yield molecular mass compatible with fulllength YY1. In support of the above suggestions, we did observe frequently but not constantly appearance of a band of faster mobility with respect to the YY1/3 1-A band in our gel shift experiments, specific to both 3 1S/3 2S and UCR probes (Fig. 3 , and seen also in Fig. 6 ). Formation of this faster band seems to be sensitive to slight experimental changes of pH or ionic strength that facilitate binding of pre-existing factors/fragments, and also it might be influenced by the nucleotides flanking the consensus, as our deletion construct T(G) 4 was able to form this faster complex at all times. In addition, use of anti-YY1 antibody in gel shift experiment showed more than one supershifted band. We exclude that YY1 fragmentation occurred during the manipulation of the nuclear extracts and incubation of the binding reactions. Indeed, despite absence of protease inhibitors in our nuclear extracts, incubation of the extract at 37 C for 1 h before probe addition in EMSA binding reactions did not favor the appearance of faster bands in control experiments that did not show these bands in the untreated samples (not shown). Although we cannot at this time explain their origin, neither their significance in relation to the HSD3B2 gene basal activity, we have demonstrated that two bands of similar molecular mass to the previously identified YY1 fragments could be isolated from nuclear factors bound to the 3 1-A element. The 35 kDa YY1 fragment could likely account for the 37 kDa band previously attributed to the 3 1-A factor.
In addition to having characterized YY1 as the factor binding the 3 1-A element, we have identified a second YY1 binding site in both type I and type II introns. Indeed, a sequence 100% identical to the region we have found to bind YY1 within the 3 1-A element was found to bind YY1 at the end of the HSD3B2 intron 1. Interestingly, this sequence is reversed in respect of the orientation of the identical sequence within the 3 1-A element. A weaker YY1 binding site was found at the 3 end of the TG box in the HSD3B1 intron 1. This last finding might explain why Sp3 binds with better efficiency the 3 1S probe than the 3 2S probe. We could bring the band intensity formed by Sp3 bound to 3 2S to that seen with the 3 1S probe when we changed the only nucleotide that differs between the type I and type II sequence. This one nucleotide mismatch in position +136, A in type II, +138 G in type I (Fig. 2C) , does not affect the region strictly required for Sp3 binding, that was attributed a similar role in the HSD3B1 gene, this study points to a major role of YY1 in affecting the basal levels of 3 -HSD activity. Additional studies will be required to explore the mechanisms implicated in YY1 contribution to the basal activity of both the HSD3B1 and HSD3B2 genes.
An important consideration arising from this study and the previous study on the HSD3B1 gene is that nucleotide sequence variants occurring within the HSD3B1 and HSD3B2 gene intron 1 may result in more or less profound changes in gene basal activity, and consequently they should not be excluded from being characterized merely because of their occurrence within an intronic sequence.
